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ABSTRACT

Ewing’s sarcoma involving the sinonasal cavity and anterior skull base is very
rare. The purpose of this article is to present our experience with two such cases, which
were both treated with combined chemotherapy and proton beam radiation therapy.
The patients were selected from a retrospective medical record analysis that was
conducted of all patients who were diagnosed with Ewing’s sarcoma of the sinonasal
cavity at the Massachusetts Eye & Ear Infirmary/Massachusetts General Hospital
Cranial Base Center from 2004 to 2008. One of the patients underwent pretreatment
endoscopic subtotal resection to facilitate proton beam radiation therapy. Response to
treatment was assessed, post-treatment endoscopic biopsies were performed to assure
eradication of disease, and treatment complications were recorded. Both patients
completed chemotherapy and proton beam radiation therapy without complication.
One patient completed treatment in December 2006 and remains disease free. The
second patient completed treatment in March 2007 and remains disease free. Both
patients developed headaches accompanied by frontal sinus opacification after treat-
ment that required endoscopic drainage. After endoscopic drainage, the opacification
and symptoms resolved.
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Ewing’s sarcoma is the second most com-

mon primary malignant tumor of bone found in

children between the ages of 10 and 15 years old,

second only to osteosarcoma.1 Ewing’s sarcoma is

typically an aggressive, poorly differentiated tumor.

It accounts for 4 to 6% of all primary bone tu-

mors,1,2 and it affects the bones of the skull or

face in only 1 to 4% of cases.3 Paranasal sinus
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involvement is rare, and skull base involvement has

been infrequently reported.3 A review of the current

literature revealed the cases listed in Table 1.3–15

During the past 25 years, the prognosis for patients

with Ewing’s sarcoma without metastasis at pre-

sentation has drastically improved. Long-term sur-

vival has improved from 15 to 50%. This increase in

survival is primarily due to a multimodality ap-

proach to therapy with a combination of surgery,

radiotherapy, and chemotherapy.16–26

The use of proton beam therapy as a part of

the treatment of Ewing’s sarcoma of the sinonasal

cavity and skull base has not been examined exten-

sively in the literature. Standard photon radiother-

apy can result in marked morbidity when treating

paranasal sinus malignancies because of radiosensi-

tive adjacent structures, including the globe, optic

nerves, optic chiasm, and brainstem. Photons reach

maximal dose at the skin followed by a gradually

attenuating dose with increasing depth of penetra-

tion. This results in a significantly excessive dose to

normal structures proximal to and distal to the

target and a large dose gradient inhomogeneity

over the target. Protons, on the other hand, have

a physical advantage over photons because most of

the dose is deposited near the end of its maximal

range, with a rapid drop-off within millimeters after

this narrow localized high-dose region, also known

as the Bragg peak.

The Bragg peaks of multiple proton beams of

decreasing energy are superimposed to provide uni-

form coverage of the target volume. The result is

less entrance dose as well as lack of exit dose to

nearby structures. This superior physical property of

Table 1 Reported Cases of Sinonasal Ewing’s Sarcoma

# of

Patients

Symptoms at

Presentation Location Therapy Follow-up

Fernandez et al, 19744 2 Not reported Maxillary sinus Chemo RT Not reported

Strong et al, 19795 3 Not reported Maxillary sinus Chemo RT 1 Died 1 NED

23 years 1 NED

4 years

Hossfeld et al, 19826 1 Not reported Maxillary sinus Chemo RT Not reported

Siegal et al, 19873 5 Facial swelling 4 Maxillary sinus

1 Ethmoid

RT NED 7 years

Pontius and Sebek, 19817 1 Epistaxis Nasal

obstruction

Nasal cavity Maxillary

Ethmoid

CFR RT NED 2 years

Woodruff et al, 19888 1 Visual loss Ethmoid Chemo RT In treatment

at publication

Lane and Ironside, 19909 1 Eye swelling

and diplopia

Ethmoid with orbit

extension

Chemo CFR Not reported

Csokonai et al, 200110 1 Not reported Nasal cavity

Maxillary sinus

Denker

operation RT

NED 3 years

Harman et al, 200332 1 Epistaxis Nasal

obstruction

Nasal cavity, intracranial

extension

Chemo RT In treatment

at publication

Aferzon et al, 200311 1 Rhinorrhea Nasal

obstruction Epistaxis

Ethmoid Chemo RT NED 3 years

Windfuhr, 200412 1 Visual loss Facial

swelling

Maxillary sinus Orbital

involvement

Chemo RT NED 17 months

Howarth et al, 200413 1 Facial swelling Ethmoid Orbital

involvement

Chemo In treatment

at publication

Coskun et al, 200514 1 Cheek swelling Maxillary sinus Chemo RT NED 12 months

Kawabata et al, 200815 1 Cheek swelling Maxillary sinus Chemo RT NED 20 months

Chemo, chemotherapy; RT, radiation therapy; NED, no evidence of disease; CFR, craniofacial resection.
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protons potentially allows for dose escalation, as

well as decreased acute and late radiation sequelae.

In sinonasal and skull base malignancies, protons

offer the advantage of sparing critical adjacent

structures such as the globe, optic nerve, lacrimal

gland, pituitary, and intracranial structures.27

We have employed proton beam therapy as

part of a multimodality treatment plan at the

Massachusetts Eye and Ear Infirmary (MEEI)/

Massachusetts General Hospital (MGH) Cranial

Base Center for treatment of Ewing’s sarcoma of

the paranasal sinuses and skull base. Patients are

evaluated by a multidisciplinary team consisting of

neurosurgery, otolaryngology–head and neck sur-

gery, radiation oncology, and medical oncology.

The current protocol at our institution for patients

with traditional resectable disease or in cases where

surgery would not cause significant morbidity is

chemotherapy followed by surgical resection. For

disease that has been deemed unresectable or when

surgery would result in significant morbidity (i.e.,

orbital exenteration), chemotherapy followed by

proton beam radiotherapy is employed. For some

patients, subtotal resection before proton beam

radiotherapy has been employed to help reduce

the necessary proton treatment volume or alleviate

obstructive sinus symptoms.

MATERIALS AND METHODS

Two patients diagnosed with Ewing’s sarcoma

involving the anterior skull base were identified

by a review of records of patients treated at MEEI

and MGH Cranial Base Center. Institutional

Review Board approval was obtained. Each patient

was seen by a multidisciplinary team that included

a radiation oncologist, medical oncologist, otolar-

yngologist, and neurosurgeon. All medical records,

including imaging reports, chemotherapy, and ra-

diation therapy records, were reviewed retrospec-

tively. Extracted information included patient

demographics, symptoms at diagnosis, radiographic

data, pathological data, treatment received, treat-

ment complications, tumor recurrence, and patient

survival.

CASE 1

An otherwise healthy 15-year-old female presented

to her physician for increasing left nasal congestion

and swelling in her left eye. She was experiencing

some vague headaches and dizziness for several

months before the development of the ocular symp-

toms, but she did not seek medical attention for

these symptoms. She did not have any complaints of

diplopia or loss of vision. On initial presentation,

her physical examination was significant for prop-

tosis of her left eye. Endoscopic nasal examination

revealed a vascular-appearing mass filling the mid-

dle meatus. Imaging studies were obtained. The

computed tomography (CT) scan showed a large,

heterogeneous, enhancing mass with calcifications

in the left ethmoid sinus, extending to the skull base

and eroding the medial wall and floor of the orbit.

The left maxillary sinus was opacified with mucous

(Fig. 1). An endoscopic biopsy was performed,

Figure 1 Preoperative coronal computed tomography

(CT) scan of patient 1 showing involvement of the left

maxillary sinus, ethmoid sinus, skull base, and orbit.
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which revealed Ewing’s sarcoma. Immunohisto-

chemical studies showed that the tumor cells were

positive for vimentin and CD99 and focally for

epithelial membrane antigen (EMA), and negative

for keratin, desmin, muscle-specific actin, myoge-

nin, myo-D1, and FLI-1. Fluorescence in situ

hybridization (FISH) analysis revealed a transloca-

tion involving EWSR1. Initial metastatic workup,

including chest CT scan, did not show evidence of

metastatic disease. She was started on a chemo-

therapy regimen of vincristine, Adriamycin, and

Cytoxan. She developed a seizure during her second

cycle of chemotherapy and was started on Keppra,

after which she did not have recurrence of seizure

activity. Her chemotherapy regimen then involved

alternating ifosfamide (IF), etoposide (ET) chemo-

therapy with vincristine, Adriamycin, and Cytoxan

every 3 weeks.

After completing five cycles of chemother-

apy, the patient had moderate response. She was

referred to our institution for local consolidation

with proton beam radiation therapy. Because of

severe obstructive sinusitis, she underwent endo-

scopic subtotal resection before the start of radia-

tion therapy to improve sinus function and to

facilitate proton beam radiation therapy. Her post-

operative course was unremarkable. She completed

8 weeks of proton beam radiation therapy to a total

dose of 45 GyE (Gy equivalent of protons to 1 Gy

of photons) at 1.8 GyE per fraction to the pre-

chemotherapy and preresection extent of disease,

followed by a cone down to residual disease to a

dose 59.4 GyE (Figs. 2 and 3). She completed

treatment on December 19, 2006 and is currently

disease free. One year after completion of treat-

ment, she developed frontal headaches, and a CT

scan showed frontal sinus opacification. Endo-

scopic sinus surgery was performed for drainage

of the frontal sinus, which revealed thick mucus.

Biopsies of the frontal recess and the area of the

original tumor were performed at the same time,

and there was no evidence of residual tumor. The

frontal opacification and her headaches resolved

after the endoscopic sinus surgery and she is

currently doing well.

Figure 2 Axial computed tomography (CT) proton beam

radiation planning for patient 1, showing full treatment

dosage to the tumor with decreased dosage to the orbit.

Figure 3 Coronal computed tomography (CT) proton

beam radiation planning for patient 1, showing full treat-

ment dosage to the tumor with decreased dosage to orbit

and frontal lobe.
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CASE 2

An otherwise healthy 17-year-old male presented to

his physician with slowly increasing left-sided prop-

tosis. In the 6 months before diagnosis he com-

plained of increasing sinonasal symptoms of left

nasal obstruction and drainage. He was treated with

several courses of antibiotics, which did not improve

his symptoms. Eventually, he began to develop

proptosis. On initial examination, he was noted to

have significant orbital proptosis and inferior devi-

ation of the globe. His visual acuity was intact, but

he experienced diplopia with upward gaze. Endo-

scopic examination revealed a vascular mass in the

left middle meatus. A CT scan showed a soft tissue

mass centered in the left ethmoid cavity, with

extension to the skull base and erosion of the

superior lamina papyracea and extension into the

orbit (Fig. 4). The frontal sinus was also opacified,

and there was erosion of the lateral aspect of the

superior frontal sinus from mucocele formation. An

endoscopic biopsy revealed Ewing’s sarcoma. Im-

munohistochemical studies revealed the tumor cells

to be negative for actin, desmin, and S100. Staining

for CD99 was strong and diffuse. A FISH analysis

was done and confirmed rearrangement of the

EWSR1 gene at 22 q12. Metastatic workup includ-

ing whole body magnetic resonance imaging

(MRI), and bone scan did not show any evidence

of metastatic disease. He received vincristine, dox-

orubicin, and cyclophosphamide, alternating with

VP-16 and IF. This was followed by a course of

proton beam radiation therapy to a dose of 45 GyE

at 1.8 GyE per fraction to the initially involved area

and a cone down to a total dose of 55.8 GyE to the

postchemotherapy extent of disease. His treatment

was completed in March of 2007, and he is currently

disease free. In October of 2007, he was noted to

have a persistent frontal sinus mucocele and eth-

moid opacification despite regression of the tumor,

and he underwent endoscopic sinus surgery for

drainage of the frontal sinus mucocele and biopsy

of the residual opacification. Biopsy did not show

evidence of persistent disease. The frontal mucocele

was adequately drained, and there has been no

evidence of residual frontal opacification on repeat

imaging.

DISCUSSION

Ewing’s sarcoma was originally named for James

Ewing in 1921, who initially described the tumor as

a diffuse endothelioma. It is now considered to be a

tumor within the primitive neuroectodermal tumor

class.28 In the Intergroup Ewing’s Sarcoma Study

(IESS), Ewing’s sarcoma comprised �4% of the

primary bone tumors of the head and neck. In this

review, the most commonly involved site in the

head and neck was the skull (11 of 29), followed

by the mandible and maxilla. Only one patient had

tumor involving the ethmoid sinus. In this group,

typical symptoms were related to mass effect of the

tumor.3 The most common presenting symptom

was a mass or swelling at the site of the tumor.

Other symptoms reported were related to ocular or

cranial nerve involvement, such as oculomotor dys-

function or proptosis.3 There are very few reported

Figure 4 Preoperative coronal computed tomography

(CT) scan of patient 2 showing involvement of the left

maxillary sinus, ethmoid sinus, skull base, and orbit, with a

frontal sinus mucocele involving the lateral frontal sinus.
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cases of Ewing’s sarcoma involving the paranasal

sinuses. A review of the literature revealed 14

articles, the majority of which are case reports.

Details of these cases are listed in Table 1.3–15

The diagnosis is made by pathological

analysis.28 Ewing’s sarcoma is one of the small,

blue, round cell tumors of childhood. Histologically,

the differential diagnosis includes lymphoma, rhab-

domyosarcoma, neuroblastoma, and primitive neu-

roectodermal tumor (PNET).29–32 In addition to

histochemical analysis, molecular testing is often

necessary to identify signature translocations involv-

ing the EWS gene (balanced translocation involving

chromosomes 11 and 22). These translocations are

detectable with both reverse transcriptase polymer-

ase chain reaction (RT-PCR) and fluorescence in

situ hybridization (FISH) in formalin-fixed, paraf-

fin-embedded tissue. Bridge, et al reported 100%

sensitivity and specificity for a commercial EWS

probe, whereas RT-PCR had a sensitivity of 54%

and specificity of 85%.33

The prognosis for this tumor has progres-

sively improved over the last decade due to a

combination of increased awareness and recognition

of the diagnosis as well as the improvement in

multimodality therapy. For patients with Ewing’s

sarcoma of the head and neck, tumors arising in the

maxilla or mandible have had the best overall

prognosis.3

Treatment usually consists of multimodality

therapy incorporating chemotherapy, radiation ther-

apy, and surgery. Overall, the use of chemotherapy

and radiation therapy has greatly improved disease-

free survival. The Cooperative Ewing’s Sarcoma

Studies 1981 (CESS-81) compared three treatment

regimens: surgical resection, primary radiation ther-

apy, and combination surgery and radiation therapy,

with 5-year survival rates being 54, 43, and 68%,

respectively. However, a follow-up study looking at

3-year follow-up by the same group (CESS-86)

showed no statistical difference within the treatment

groups (62 to 67%), thus advocating potential for

radiation alone when surgery would lead to signifi-

cant morbidity. The authors concluded that com-

bined local treatment (surgery and radiation)

improved locoregional control and probably im-

proved survival in high-risk patients.34

The use of adjuvant chemotherapy has been

shown to have positive effects. The IESS-II re-

ported a disease-free survival rate of 68% with their

protocol using adjuvant vincristine, Adriamycin,

and cyclophosphamide (VACA).35 The use of neo-

adjuvant IF and ET has been shown to be effective

in patients who have relapsed after treatment with

VACA; however, the addition of IF and ET to the

VACA regimen has not been shown to have any

additional advantage.36

Based on the available literature and our

experience with Ewing’s sarcoma localized to the

sinonasal cavity and skull base, a multimodality

treatment regimen is the treatment of choice. Initial

chemotherapy is followed by either surgical resec-

tion, radiation therapy, or a combination of both,

depending on the location of the tumor at initial

presentation. If the tumor is thought to be surgically

resectable without significant morbidity, surgery is

suggested after completion of chemotherapy. If the

tumor is thought to be unresectable or if surgery

would result in significant morbidity, proton beam

radiation therapy is used for local control.

In our two cases of Ewing’s sarcoma involv-

ing the sinonasal cavity and anterior cranial base, a

rarely reported entity, neither patient had evidence

of metastatic disease at the time of presentation.

Because surgical resection for both patients would

have potentially required anterior craniofacial re-

section with orbital exenteration to achieve en bloc

resection with negative margins, the decision by our

multimodality group was to proceed with induction

chemotherapy followed by proton beam radiation

therapy for local control. One patient underwent

preoperative endoscopic subtotal removal to im-

prove the radiation field and facilitate adequate

sinus drainage during radiation therapy. She had

no postsurgical sequelae, radiation therapy was not

delayed, and the proton treatment volume in the

maxillary sinus was significantly reduced.

In the group of patients, where total surgical

resection would result in significant morbidity,

subtotal resection via an endoscopic approach
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(with minimal morbidity) might be useful to reduce

the proton treatment volume necessary. In addition,

for patients with tumors involving the sinonasal

cavity, endoscopic sinus surgery to facilitate sinus

drainage and minimize sinus obstruction and in-

fection might also be a helpful part of the treatment

regimen. Both patients underwent endoscopic sinus

surgery after completion of treatment. This was

performed to confirm there was no evidence of

persistent disease at the site of the original tumor,

but the surgery also addressed blockage of the

frontal outflow tract concurrently. Both patients

had resolution of frontal headaches after the endo-

scopic sinus surgery, and there has been no evidence

of recurrent frontal sinus opacification.

CONCLUSION

Ewing’s sarcoma is a primary bone tumor that

occurs rarely in the bones of the face and skull.

Involvement of the sinonasal cavity and anterior

skull base is even rarer, and there are very few

reported cases in the literature. In young patients

presenting with a sinonasal mass, it must be con-

sidered as part of the differential diagnosis. Defin-

itive diagnosis depends on histopathology, and

endoscopic biopsy can be used for this purpose.

Treatment of Ewing’s sarcoma involves a combi-

nation of chemotherapy for systemic treatment

followed by local treatment with surgery or radia-

tion therapy. In the case of Ewing’s sarcoma

involving the skull base, surgery would often result

in significant morbidity, requiring craniofacial re-

section and orbital exenteration. Therefore, radia-

tion therapy for local control should be considered.

Proton beam radiotherapy has excellent applica-

tion for sinonasal malignancies because it limits

morbidity to the surrounding structures, including

the globe, optic nerves, and intracranial cavity.

Proton beam radiotherapy has been successfully

used at our institution as part of a multimodality

approach for the treatment of Ewing’s sarcoma of

the sinonasal cavity and anterior skull base, and

should be considered for treatment of this rare

malignancy.

NOTES

This report was presented at the 7th International

Conference on Head and Neck Cancer, San

Francisco, California, July 21, 2008.
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